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International Energy Agency (IEA), household natural gas consumption increased from 288 746 million cubic meters to 306 719 million cubic meters over the period 1995 -2014 (International Energy Agency, 2017 . The notable increase in household natural gas consumption in OECD has been attributed to a few factors including generation relatively less carbon dioxide emissions than other fossil fuels (Apergis and Payne, 2010 ) the importance among alternative sources to reduce emissions of carbon dioxide (Shahbaz et al., 2013) and expansion of the gas network.
Many studies have investigated the relationship between natural gas demand and the effect of various factors including prices, income and population. In these studies are used different data type including cross-sectional data, time-series, aggregated data and cross-section time-series data. Cross-sectional studies include Leth-Petersen (2002) who use a cross-section data to estimate demand natural gas for Danish households. Brounen et al. (2012) use 2009 data for Netherlands to examine the extent to which individual characteristics and technical specifications of the dwelling variables can explain differences in households' behaviour. Other cross-section data studies include Brenton (1997) ; Fung et al. (1999) and Yoo et al. (2009) .
Time series studies include Alves and da Silveira Bueno (2003) ; Erdogdu (2010) ; Payne et al. (2011); Madlener et al. (2011) ; Bernstein and Madlener (2011) ; Altinay and Yalta (2016) and Kani et al. (2014) . Using time series data for Turkey, Cetin and Yüksel (2014) use Cointegration analysis with structural breaks to examine the long-term and short-term elasticities of demand for natural gas. Park and Zhao (2010) apply a time-varying cointegration model for the United States data for 1976 and 2008 to study the demand price and income elasticity of natural gas.
Cross-section time-series data include Bernstein and Griffin (2006) ; Alberini et al. (2011) ; Andersen et al. (2011); Bilgili (2014) and Harold et al. (2015) . For example, Bilgili (2014) reports positive relationship between natural gas demand and income in eight OECD countries and finds that the income elasticity of natural gas is 1.333 which correspond to values of unit elastic. Moreover, Bilgili (2014) reports negative relationship between natural gas demand and prices and finds that the prices elasticity of natural gas is 1.126. Yu et al. (2014) have used 216 observations of Chinese's cities household data of natural gas consumption for the period of 2006-2009 and ran feasible generalised least squares approaches. Their estimation results have supplied price elasticity of -1.431 and significant income elasticity of 0.206. Another study using cross-section time-series data, Nilsen et al. (2005) use ordinary least squares, generalized least squares, seemingly unrelated regression and two-stage least squares to examine the long-term and short-term elasticities of demand for natural gas for selected EU-12 countries, also addresses annual data for the period 1978-2002. They reached long-run per capita natural gas price elasticities ranging from -1.541 to 1.844 and long run income elasticities ranging from 1.649 to 2.251. Yorucu and Bahramian (2015) uses cross-section time-series data for the years 2001 and 2012 and the panel dynamic OLS, panel fully modified OLS and traditional OLS methods to estimate the price elasticities of natural gas in the EU-12. In a study conducted in the United Kingdom, Baker and Blundell (1991) estimated the gas and electricity demand function in the household sectors using data pooled from the family expenditure survey over the period 1972 to 1988. They have determined demand for natural gas to be as a rule price inelastic. In a recent study, Burke and Yang (2016) analyse the linkages among household natural gas demand, natural gas prices, income, population and climate of the 39 countries. They reached long-run natural gas price elasticities ranging from -0.50 to -0.68. Considering the studies directed about the natural gas demand in the literature, few study investigating the effect of temperature on the household natural gas demand is located. For that reason, in this study, we inspected the effect of the temperature on natural gas demand along with other factors including natural gas prices, per capita income, and population. For this reason, the effect of temperature on the household natural gas demand is not disregarded and the deviation caused by the neglected variable is reduced. Additionally, in order to expose the effect of price and income on natural gas demand more effectively, in the study, the price of natural gas and the per capita income data are in the purchasing power parity (PPP) 1 . Such use is not found in other studies. Aim of this study is to investigate relationship between natural gas demand and natural gas prices, per capita GDP, population, and climate for selected OECD countries. The rest of the paper is organized as follows. The next section presents the data and methodology. The third section reports the empirical results. The last summarises the primary findings the paper.
DATA AND METHODOLOGY
The present study utilizes a balanced panel data set for the selected OECD countries in the period 2004-2015 2 .
Since there are countries with missing data among the 33 countries, only 18 countries with complete data are used in this period. Annual data is utilized for 18 OECD countries which are Austria, Chile, Czech Republic, Germany, France, Hungary, Ireland, Korea, Mexico, Netherlands, Poland, Portugal, Slovak Republic, Spain, Switzerland, Turkey, the United Kingdom and the United States. Five variables are used in this study to build a natural gas consumption model for the selected OECD countries. The natural gas consumption (G) is utilized as the dependent variable measured in million cubic meters. Besides, four independent variables are utilized, namely, natural gas prices (P) measured US dollar/MWh in PPP, per capita gross domestic product (GDP) measured in constant 2011 international dollars in PPP, population (POP) measured in number of person, average annual temperature (TEMP) as an indicator climate measured Celsius. Except TEMP, all variables are in natural logs. Descriptive statistics and data sources for the variables used in this study are reported in Table 1 . Notes: The data for G is from the IEA (2017;2016a) The data for P is from OECD/IEA (2016b) The data source for the GDP, POP and TEMP are retrieved from the World Bank. Source: Has been compiled by using E-wievs software. Table 2 shows the descriptive statistics on the variables for the sample of 18 countries included in this study. In this context, the country with the highest average consumption of natural gas in the analysis period is the United States and the country with the lowest natural gas consumption is Portugal. In addition, while the average price of natural gas is the highest in Chile, the US is the country with the lowest average natural gas price (Table 2) .
Panel data analysis was conducted as the analysis method in this study. Panel data analysis models can be generally illustrated by Equation 1 (Tatoglu, 2013) .
Where subscript i represents the units; subscript t represents time; β oit represents constant term; β kit represents the Kx1 dimensional vector of parameters; Xkit represents the value of k. independent variable for unit i. at time t, and Yit represents the value of the dependent variable for unit i. at time t. While estimating this model, it is assumed that the average of the error terms are zero, the variance is constant and normally distributed.
Three methods are used to estimate the pooled regression as the prediction method for both the cross-section and time series; Classical Model, Fixed Effects Model and Random Effects Model. The basic distinctive feature between them is that constant term is described in different ways.
According to Classical Model, the same constant term is used for all cross-section units in pooled regression model. Thus, both constant and slope coefficients are constant in terms of units and time in classic model. This model was presented by Equation 2.
In fixed-effect model, a different constant term is used for each section, but the same slope coefficient is used for each section. The general illustration of this model is seen in Equation 3.
As for Random effect model, differences belonging to the units are modeled into error term (Greene, 2010) . In order to prevent a loss of degree of freedom encountered in fixed-effect models, changes by units or units and time are included into the model as a component of error model (Baltagi, 2005) . As the unit effect is not constant in this kind of models and it is not within a constant parameter, but it is involved in the margin of error. Error term is indicated as it , it = uit + it 
Following this methodology, the relationships among natural gas consumption, natural gas prices, per GDP, population and average annual temperature in the present study can be specified as follows:
Excluding TEMP variable, each variable is presented in its natural log. The panel natural gas consumption model can be written as follows:
In the model, lnGit indicates the natural log of residential demand for natural gas of for country i in year t. lnPit, lnGDPit and lnPOPit are the natural logarithm of prices for natural gas, per capita GDP, and POP, respectively, for country i in year t. TEMPit is the average annual temperature in country i in year t.
it  indicates error term of for country i in year t. We anticipate the price elasticity of natural gas demand (β1) to be negative and the income elasticity of demand (β2) to be positive. The population coefficient (β3) is anticipated to be positive, since higher population is likely to increase household natural gas demand. Also, the climate coefficient (β4) is anticipated to be negative, since higher average temperature is likely to consume less natural gas.
According to Dahl (2012) the parameters which are predicted in a static model should be interpreted as intermediate-run estimates. In contrast, according to Pesaran and Smith (1995) the parameters which are estimated from cross-sectional variation based regressions can be interpreted as long-run parameters. In this study, the estimates have interpreted as long term coefficients by adopting Pesaran and Smith (1995) approach.
EMPIRICAL RESULTS
For the OECD countries, there is a possibility of the existence of cross-sectional dependence among its members. It is primarily required to test the cross-section dependence between the units in the variables. In order to decide if first generation or second generation tests have to be used to determine the stationary of the series 3 .
The results of CDLM1, CDLM2 and CDLM-Adj tests are presented in Table 3 . According to these tests, there is cross-section dependence in all variables for intercept model. Thus, it is required to test the stationary of series by second generation unit root tests. Stationary of the variables were tested by Bai and Ng (2004) PANIC attack tests taking into account crosssection dependence, and results are presented in Table 4 . In stationary tests given in Table 3 , it has been determined that all variables are stationary at the 0.01 significance level according to PANIC test. Therefore, least square method was used by estimating the study's model. While estimating with least square model, it is required to clarify the existence of constant and random effects in the model (Elmas et al., 2017) . In this study, constant effects were tested by F test and random effects by LM test.
In addition, Hausman (1978) test has been used in order to determine which one of these effects is significant.
Results of F, LM and Hausman tests conducted for both models are presented in Table 5 . According to F test, it has been determined that constant unit and time effects was significant at 1% level (Table 4) . According to LM test, it has been determined that random unit and time effects of the model is significant at %1 level (Table 5) . Besides, the result of Hausman test shows that it would be more correct to use random effect model. Thus, model of the study has been estimated as one-way random effect. These results are presented in Table   6 . Figure 1 shows the three-dimensional plot of the regression model and two-dimensional contour plot. The highest lndg values are found where lngdp is highest. On the other hand, the lowest lndg values are found where lnp is highest. Also, as lngdp moves away from zero, lng values continuously increase, while as lnp moves away from zero, lng values decrease steadily. The surface plot shows how the lng variable is related to the lnp and lngdp variables according to equation 5. As a result, Figure 5 confirms the results of the econometric analysis. According to the results of analysis; while lnP and TEMP affect lnG negatively, lnGDP and lnPOP effects lnG positively. But, as known generally, models are required not to have heteroscedasticity and autocorrelation problem so that these results estimated would not be misleading, namely, reliable. Therefore, LMh, LMp and LMp* tests were conducted in order to identify the existence of heteroscedasticity and autocorrelation in the models. Results of these tests are presented in the Table 7 . According to result of LMh test, heteroscedasticity problem was determined at 1% significance level.
According to results of LMp and LMP tests, autocorrelation was determined at 1% significance level. Thus, the models are required to be estimated again by resistant estimators. For this reason, models were estimated again by resistant estimator White Period resistant estimator which adjust both heteroscedasticity and autocorrelation problems. Table 8 displays the results of the White Period resistant estimator. In the analysis, coefficients of all factors affecting the residential natural gas demand were found to be statistically significant.
According to adjusted random effects regression estimation results; natural gas prices effects natural gas demand negatively at the 1% significance level. This result indicates the price elasticity of natural gas demand. Accordingly, in this period, price elasticity of residential of natural gas demand was predicted as -0.146. An increase of 1% of the natural gas prices rate decreases the natural gas demand approximately 0.15%. This finding overlaps with existing studies, such as Balestra and Nerlove (1966) for the United States, Yi (2000) for Swedish, Asche et al. (2008) for 12 European countries, Alberini et al. (2011) for the United States, Andersen et al. (2011) for 13 OECD countries and Burke and Yang (2016) for a sample of 44 countries.
Per capita GDP effects natural gas demand positively at the 0.01 significance level. This finding indicates the income elasticity of demand. This finding result indicates that natural gas is a normal good. The income elasticity of household of natural gas demand was predicted as 0.515. It can be said that an increase by %1 in the per capita GDP in the period of 2004-2015 in OECD countries leads to an increase by approximately 0.52% household natural gas consumption. This finding means that household demand for natural gas is less sensitive to per capita GDP.
The findings about the relationship between natural gas demand and income are in line with the literature. Eltony (1996) reports positive relationship between natural gas demand and income in six Golf Cooperation Council countries. Moreover, he finds that the income elasticity of natural gas is 0.48 in the long run. Similarly, Catik and Deliktas (2016) provide similar evidence from the Turkey. They reported a long-run income elasticity of 0.748 using aggregated data. Similarly, Altinay and Yalta (2016) provide similar evidence from the Turkey. They report a long-run income elasticity of 0.512 using globally aggregated data, again similar to our estimates.
The population coefficient was found to be 1.103, which is positive and significant. It can be said that the long term population elasticity is near the unit elasticity. An increase by 1% in the population increases the household natural gas demand by 1.1% (p<0.05).
As expected, the climate influences negatively natural gas consumption. It has been observed that there is a negative relation between climate and natural gas demand at the 1% significance level. Because the average temperature is not converted into logarithms, the coefficient on average temperature is not elasticity. Accordingly, one unit increase in the average temperature leads to a decrease of 11.1% in the household of natural gas consumption. Namely, the results showed that for a 1 o C ambient temperature rise, the natural gas demand would decrease by 11.1% o C in household sectors for OECD. Hence, this result means that relatively warmer countries consume less natural gas. This finding is consistent with Yu et al. (2014) ; Harold et al. (2015) and Altinay and Yalta (2016) .
CONCLUSIONS
The aim of this study is to analyze the relationship between the household natural gas demand and price, income, population, and climate for the selected OECD countries for period [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] . Given the predicted results of the household natural gas demand, all of the coefficients were determined to be statistically significant and their signs were found to be consistent with expectations of statistical economic theories.
Consequently of the analysis executed, it has found out that natural gas price significantly and negatively affected household natural gas demand. The real income per capita and population significantly and positively have affected household natural gas demand. Also, the average temperature significantly and negatively has affected household natural gas demand.
The price elasticity value of household natural gas demand was found to be smaller than one in for the selected OECD countries. Hence, considering the relationship between consumption and price elasticity, it can be suggested that an increase (or decrease) in the natural gas prices when price elasticity of the demand is less than one, demand in the household sector would decrease (or increase). As a result, it can be said that household natural gas demand in selected OECD countries is inelastic. This result shows that there are less substitution possibilities for natural gas in OECD household sector. This price elasticity value indicates that an increase in tax will decrease demand and therefore also intended tax revenue. Also, income elasticity natural gas of household demand was estimated to be between zero and one (0.515). Therefore, natural gas can be considered as a normal and compulsory goods in the household sector for OECD countries.
In the analysis, the most effective variable of household natural gas demand was found to be population. Taking into consideration the relationship between population and household natural gas demand, population is observed to be significantly increasing household natural gas demand. That is to say, population is found to have a strongly positive association with household natural gas demand in selected OECD countries.
Considering the relationship between climate and household natural gas demand, the average temperature is observed to be significantly decreasing household natural gas demand. According to this result, there is an adverse relationship between natural gas consumption and average temperature in household sector. Lower temperature values cause the natural gas to be used more for heating purposes. Also, households consume natural gas indirectly, via electricity generation. In this study; demand, price and revenue data are in the form of purchasing power parity.
From this point of view, we believe that the estimated price and income elasticities of natural gas demand will be useful for energy policy makers.
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